Study design. Cross-sectional observational study on the relationship between the degrees of disc degeneration and sagittal alignment in asymptomatic healthy individuals.
S
pinal sagittal balance is important with regard to the development of lumbar spine degeneration. [1] [2] [3] The spinal sagittal balance can activate compensatory mechanisms in the degenerative spine such as reduction of thoracic kyphosis, intervertebral hyperextension, retrolisthesis, pelvis retroversion, knee flexion, and ankle extension. 1 However, it is not clear if there is a cause-and-effect relationship between spinopelvic alignment and early disc degeneration.
Roussouly et al 4 proposed a classification system with four postural subtypes based on the sagittal balance patterns observed in asymptomatic young adults. This classification is based on sacral slope (SS) grade and vertebral curvatures. When the SS is less than 358, the lumbar lordosis (LL) arc is nearly absent and the thoracic kyphosis (TK) is long, the sagittal alignment is classified as type I. When the distal arch is low and long and the LL is flat, the sagittal alignment is classified as type II. When the SS is between 358 and 458, and the TK and LL are harmonious, the sagittal alignment is classified as type III. When the SS is greater than 458, the LL is long and the TK is short, then the sagittal alignment is classified as type IV. To the best of our knowledge, no study has compared the prevalence of disc degeneration across these various subtypes of sagittal alignment in asymptomatic young adults.
The initial motivation for this study was the question: is the postural subtype a risk factor for intervertebral disc degeneration or is the posture lately influenced by degenerative spinal changes? The adequate way to answer this question would be a prospective and longitudinal study. As this ideal study design will take time, we decided to study young and asymptomatic people to check if posture subtypes would show early tendency to predispose to discopathy in specific segments.
Furthermore, despite the high incidence of disc degeneration in young and healthy individuals, 5, 6 little is known about how much spinal alignment could be associated with the appearance of degenerated discs in young asymptomatic adults.
We hypothesize that the sagittal alignment subtypes may be related to the early development of intervertebral disc degeneration. Therefore, we seek to find possible significant differences in different sagittal alignment subtypes among young adults. We compared the degree of lumbar disc degeneration in asymptomatic young adults with the different spine subtypes described by Roussouly.
MATERIALS AND METHODS

Sample
After approval by the research ethics committee of the University Hospital linked to Ribeirã o Preto Medical School, (protocol 4236/2012), we recruited 70 asymptomatic young adults (36 women and 34 men) without regular physical activity to participate. The volunteers were informed about the objectives and only included after signing informed consent statement. These adults had an average age of 27.17 AE 4.7 years (20- ). The inclusion criteria were as follows: 20 to 40 years old, an Oswestry Dysfunction Index (ODI) score of less than 10 and a classification of sedentary or irregularly active according to the International Physical Activity Questionnaire (IPAQ). Volunteers with persistent lower back pain for more than 3 months, those with ODI scores greater than 10, those classified as regularly active according to the IPAQ, or those with previous spine and hip conditions, significant scoliosis or surgery were excluded from the study.
The participants were divided into four groups according to the lumbar spine subtype classification of Roussouly based on a panoramic radiography evaluation ( Figure 1A-D Two researchers measured the spinopelvic parameters and vertebral curvatures using Surgimap software (Nemaris Inc., New York, NY). The following parameters were evaluated ( Figure 2A , B): SS, pelvic incidence (PI), pelvic tilt (PT), LL, TK, sagittal vertical axis (SVA), and sagittal spinosacral angle (SSA). The same examiners rated the participants according to the Roussouly subtypes. When a disagreement occurred with regard to the Roussouly classification, the opinion of a third observer (a senior researcher and radiologist with over 17 years of experience in musculoskeletal radiology) was considered.
Magnetic Resonance Imaging (MRI)
To evaluate lumbar disc degeneration, we acquired images using a 1.5T high-field MRI scanner (Achieva; Philips Healthcare, Best, the Netherlands) with a 16-channel spine coil. T2-weighted images of the lumbar spine in the sagittal plane were acquired using a 2D fast spin-echo sequence with the following parameters: field of view ¼ 22 Â 22 cm; thickness ¼ 4 mm; number of slices ¼ 16; matrix ¼ 256 Â 256; echo time ¼ 120 ms; and repetition time ¼ 3.900 ms.
The degree of disc degeneration was assessed according to the Pfirrmann classification. 8 Two examiners classified the discs independently. For cases of discordant classification, the classification was determined based on the assessment of a senior radiologist with over 17 years of experience. Based on the Pfirrmann classification, the discs were then divided into two groups: nondegenerated (Pfirrmann 2) and degenerated (Pfirrmann ! 3).
Statistical Analyses
The following measures of interobserver assessment were used: (i) the intraclass correlation coefficient (ICC) for spinopelvic variables and (ii) the weighted Kappa coefficient for Pfirrmann grading. The x 2 test with posthoc based on adjusted standardized residuals was used to compare the frequency of different lumbar disc degeneration degrees across the four spinal subtypes (significance level ¼ 0.05). Spearman's correlation was used to verify the correlations between disc degeneration degree and the spinopelvic parameters of the sample. SPSS, version 20 (IBM, Armonk, New York, NY) was used to conduct all analyses. Table 1 and Figure 3 show the distribution of the number of degenerated and nondegenerated discs in each vertebral segment (L1-L2 through L5-S1) for each of the four Roussouly subtypes. Level L5-S1 showed the highest frequency of degenerated discs for all four groups, followed by the L1-L2 level. When compared the disc degeneration frequencies among the four subtypes, regardless of disc level ( Table 1 : total discs), there was no statistical difference between them (x 2 ¼ 1.20, P ¼ 0.75). As there was no difference between subtypes in the overall disc degeneration frequency, we seek to assess each disc level individually. We compared the frequency between the disc degeneration subtypes at each disc level: L1-L2 (P ¼ 0.54), L2-L3 (P ¼ 0.41), L3-L4 (P ¼ 0.82), L5-S1 (P ¼ 0.30), only L4-L5 differs between groups (P ¼ 0.03). Significant differences were found between the type II and type IV groups at L4-L5 (P ¼ 0.03). Table 2 shows the values of the x 2 test for the proportions of degenerated and nondegenerated discs in each of the four groups. Table 3 shows the correlations (r) between disc degeneration degree (according to Pfirrmann classification) and the spinopelvic parameters for each group. The type II group showed moderate and negative correlations between the spinopelvic variables (À0.43 to À0.56) and disc degeneration, only SSA was not correlated with any of the vertebral segments.
RESULTS
The Kappa coefficient for disc degeneration classification was 0. 
DISCUSSION
We stratified a sample of asymptomatic young adults based on the four subgroups of sagittal alignment proposed by Roussouly, and we examined whether any of these subtypes had a higher prevalence of lumbar disc degeneration at each disc level.
Previous research has focused on spinopelvic parameters individually or has only included patients with back pain; 2,3,9-12 however, no study has directly evaluated the association between sagittal alignment subtype and disc degeneration in asymptomatic young adults.
One clinically relevant finding of our study was that the type II sagittal alignment subtype was associated with a significantly higher frequency of degenerated discs than the type IV subtype at L4-L5 (P ¼ 0.03; Figure 3 ). The L4-L5 intervertebral disc has been described as the spinal level with one of the highest frequencies of clinically significant degeneration. 13 The Roussouly type II sagittal alignment subtype is commonly called ''flat back'', and it is characterized by mild thoracic and lumbar curvatures and an SS of less than 358. These characteristics are distinct from those of type IV, which has well-defined curvatures, LLs with particularly longer and more severe curvatures, and high SS values. 14 Keorochana et al 15 stratified patients with lower back pain with or without radiculopathy into three groups: (i) flat back and hyperkyphotic; (ii) normal; and (iii) hyperlordotic. These authors found increased L4-L5 disc degeneration in the flat-back group compared with the hyperlordotic group. Our result of a higher prevalence of L4-L5 disc degeneration in asymptomatic young adults with type II sagittal alignment supports the hypothesis that sagittal alignment plays an important role in disc degeneration. We are not the first to identify disc degeneration in a young population. Cheung et al 13 for example observed disc degeneration in 42% of people under 30 years old, and the frequency of disc degeneration increased dramatically with age (30-40 years: 48%; 40-49 years: 70%; and >55 years: 88%).
Several risk factors, such as labor activities, habits, and level of physical activity among others have been mentioned as possible extrinsic triggers of spinal degeneration. 6, 16 Recently, in a study involving 110 monozygotic and 136 dizygotic twins, Stone et al 10 found a strong genetic influence on the formation of all angles and spinopelvic parameters, especially TK and LL; LL was a strong predictor of disc degeneration. In our study, LL was also moderately and negatively correlated with the type II sagittal alignment subtype (Table 3) . Battie and Videman 17 also observed that gene expression and inherited morphological characteristics of the lumbar spine play a dominant role in the disc degeneration process and act in conjunction with external risk factors such as sex and age.
When the lumbar spine is hypolordotic and flat, contact forces primarily act on the anterior region of the spine, vertebral bodies, and discs, thereby increasing disc pressure. 12, 14, 18 In the other hand, if lumbar curvature is prominent, forces are distributed between the disc (anterior) and the facet joints (posterior). 14 Umehara et al 19 concluded that a decrease of 88 in the lordotic curvature is sufficient to greatly increase mechanical stress on the intervertebral discs between L4 and S1. We find differences between the Roussouly groups II and IV only at the L4-L5 level. L5-S1 segment showed the highest incidence of degenerated discs regardless of the Roussouly subtype (Figure 3 ). Keller et al 20 analyzed asymptomatic individuals and found that the L5-S1 level suffers from greater shear stress than the other disc levels.
We identified moderate associations between the spinopelvic parameters and disc degeneration in the type II sagittal alignment subgroup. Lower values of SS, PT, PI, LL, and SVA correlated with an increase in disc degeneration at different vertebral segments (Table 3) . Barrey et al 9 found similar results by comparing the pelvic parameters of patients with disc degeneration and disc herniation with a control group of healthy individuals without disc changes.
Great variation exists in the spinal sagittal balance of the general population, and each Roussouly posture subtype is considered normal. However, previous studies suggests that the Roussouly type II sagittal alignment subtype has a higher prevalence of lower back pain. 1, 9, 14 Because we studied asymptomatic young adults, our findings reinforce the hypothesis that the biomechanical stresses on the spine might trigger degenerative processes.
Our study has limitations. First, our study was crosssectional; and a future longitudinal study investigating how spinopelvic balance and degenerative changes influence each other over time would be valuable. To perform an analogous investigation but with more sensitive methods to detect disc degeneration, such as T1 rho and T2 MRI relaxometry, would also be valuable. Another limitation is that our sample was composed only of physically inactive individuals. The literature points out that exercise acts a protective factor for disc degeneration. 6 Therefore, we did not include physically active individuals to avoid this confounding factor for disc degeneration. This limits our study such that we cannot extrapolate our results to athletes.
Our results at the L4-L5 disc level conflict partially with those of a recent publication that also attempted to correlate the lumbar spine subtypes with disc degeneration. 21 In that study, no lumbar spine subtype (I-IV) showed a significant pattern of lumbar disc disease. Torrie et al 21 studied symptomatic patients with degenerative spine disease. The Roussouly classification was originally described for asymptomatic young adults, and it might be inappropriate to apply it to symptomatic patients. In addition, patients with degenerative spine disease and older patients might have compensatory abnormalities that alter their postural classification. We studied asymptomatic young adults to evaluate the possible early influence of posture subtypes on degenerative changes avoiding an older population were compensatory mechanisms could be present.
According to our results, Roussouly type II sagittal alignment is significantly associated with early disc degeneration at the L4-L5 level when compared with type IV. Therefore, our results partially support the hypothesis that spinal sagittal alignment plays a role in early disc degeneration. In the other hand, we identified no other significant association of Roussouly subtypes with degeneration in other L1-L2 L2-L3 L3-L4 L4-L5 L5-S1 L1-L2 L2-L3 L3-L4 L4-L5 L5-S1 L1-L2 L2-L3 L3-L4 L4-L5 L5-S1 L1-L2 L2-L3 L3-L4 L4-L5 L5-S1 lumbar disc segments or significant differences between other Roussouly subtypes. May be other contributing factors to disc degeneration such as genetic background are dominant for the remaining lumbar disc segments.
Key Points
The spine alignment can be associated with the appearance of lumbar disc degeneration in young asymptomatic adults. Roussouly type II sagittal alignment is associated with early disc degeneration at the L4-L5 level. Spinopelvic parameters are correlated with the degree of degeneration in individuals with type II Roussouly.
